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NATURE OF THE STUDY. 


Contact insecticides are commonly understood to be substances 
_ which are capable of killing insects when dissolved or emulsified in 
liquid media or contained in dusts and brought into contact with 
_ their bodies. Fumigants, on the other hand, are substances which 
_ kill when applied in the gaseous condition. The distinctions are not 
_ sharp, as it is obvious that a volatile poison might kill by contact of 
the insect with either its liquid or its gaseous phase. 
’ ‘This investigation involves a study of the toxicity of the more 
_ readily available organic compounds when used as contact insecti- 
7 cides. In addition, a number of compounds which offered possible 
_ value as insecticides or which served to indicate working theories of 
4 insect toxicology were made in the laboratory. It is expected that 
"i this investigation will form the basis for future study and possibly 
- lead to the discovery of compounds of commercial importance. 

Most of the compounds tested showed little toxicity. These were 
ordinarily used in but few experiments unless questions of theoretical 
significance appeared to be involved. Those compounds which 
_ showed appreciable toxicity were subjected to greater study when 
| available in sufficient quantity. Particular attention was given to 
’ the compounds which offered possible commercial value. 

In addition to the data on the insecticidal value of the various 
compounds, information on the effect of the various chemicals on 


ve eee es 


1 The writers are indebted to W.S. Abbott, entomologist of the Federal Insecticide and Fungicide Board’s 
q laboratory at Vienna, Va., for assistance with some of the experiments. 
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the plant is also included. The plant tolerance of a compound is 
considered to be the maximum concentration at which no appreciable { 
destruction of plant tissue is caused. No special effort has been 
made to ascertaip the exact plant tolerance for each compound, and 
the values given are usually less accurate than those obtained for the 
insect. ! ; 

PROCEDURE. 


The black aphis, infesting nasturtium (Tropaeolum majus) and — 
many other plants, was used exclusively in these experiments. It 
was identified as Aphis rumicis L. by Dr. A. C. Baker, of the Bureau ~ 
of Entomology.” This species is easily reared on nasturtium plants— 
in the greenhouse at all times of the year except the hottest parts of 
the summer, when reproduction appears to be retarded. In the 
present study it has been found much less frequently attacked by — 
hymenopterous parasites than the other species reared in the green- — 
house. Furthermore, this aphis has a tendency to remain on the © 
plants even when sprayed with toxic or irritating substances, a habit — 
of considerable convenience to the experimenter. 

Dwarf nasturtium plants (Tropaecolum majus) grown in small — 
flowerpots were used as food plants for the aphids. This plant seems — 
to be relatively sensitive to chemicals, and it is probable that concen- — 
trations of many compounds which will kill nasturtium would be © 
harmless to the foliage of orchard trees. 

The compounds were prepared for application in a number of © 
ways. Immiscible liquids were applied as emulsions, fish-oil soap, © 
capryl alcohol, and in a few instances amyl alcohol being the emulsi- — 
fying agents. Liquids soluble in water were mixed with a small — 
amount of fish-oil soap to enable the solution to wet and spread over — 
the foliage. If the liquids were basic or acidic compounds they ~ 
were applied as soluble salts; the basic compounds were converted to — 
sulphates or chlorides and the acid compounds to their ammonium ~ 
salts. The solids tested were either soluble as such in water or were ~ 
made so by conversion to the salt form, as stated for the liquids. 
A spreader, usually fish-oil soap, when applicable, was also used 
with these solutions. 

The solutions or emulsions were sprayed on the plants by means 
of a small hand atomizer. Usually a pot containing several plants 
well infested with aphids was used for each test. In some experi- 
ments a portion of a plant was placed in a bottle containing water 
and sprayed, care being taken to see that the stem was surrounded 
by cotton to prevent the dead insects from falling in. An untreated 
slant, immersed in water in this fashion, will support a colony of 
aphids in a normal condition for several days. Eighteen or 24 hours 
after spraying the percentage of aphids killed was determined and 
the condition of the plants noted. 

The toxic concentration was arbitrarily considered to be the mini- 
mum capable of killing about 95 per cent of the aphids, or, to state 
it in a different way, it, represents the concentration which leaves 
an average of 5 per cent alive. In many instances this figure was 


2 According to Doctor Baker there is still some confusion regarding the number of species of aphids in- 
‘cluded under the name rumicis. He states, however, that the black aphis found on our plants belongs to 
‘a single species, whatever that may ultimately prove to be. The name rwmicis is therefore tentatively 
applied to the aphis used in these experiments. 
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not ascertained because of lack of material; in others its importance 
_ did not seem to justify the expenditure of time. 
Many factors combine to influence the accuracy of experiments of 
this nature. Some compounds partially annul the spreading and 
wetting effect of the fish-oil soap or capryl alcohol. There is also a 
_ tendency for the liquid to collect in drops or thick layers on the 
lower edges of the leaves and stems, and, as the water or compound 
evaporates, subject the aphids in those places to a different con- 
centration of the chemical than on other parts of the plants. Further- 
more, young aphids are more susceptible to most chemicals than the 
older ones, so that the ratio of young to mature has a bearing on 
the number which will be killed by a given concentration of a com- 
ound. It has usually been observed also that high humidity or 
ow temperature favors toxicity, presumably because of lessened 
evaporation. All of these experiments have been made in a green- 
_ house where the influence of the above factors has been partially 
_ overcome by repetition and by making the tests only during bright 
weather. No doubt they will give a fairly accurate idea of the 
relative toxicity of the different compounds to Aphis rumicis. 

In Table 1 are assembled the results of the study. ‘Fhe con- 
centrations are given in grams per 100 cubic centimeters of-solution 
or emulsion. Forcomparison, theconcentrationsin Table 2 are figured 
also in gram molecules per liter. Fish-oil soap was almost invari- 
ably used in the proportion of 0.3 gram of moisture-free soap per 
100 cubic centimeters, and capryl alcohol at 0.2 to 0.3 cubic centi- 

_ meter per 100 cubic centimeters. Blank experiments showed little 
killing at these concentrations. The classification adopted for the 
compounds is only for convenience. 
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DETAILED RESULTS OF EXPERIMENTS. 


TABLE 1.—Results of spraying Aphis rumicis with organic compounds. 


PYRIDINE, QUINOLINE, AND ALLIED COMPOUNDS. 


1 Many concentrations tested. %Capryl alcohol used as spreader. 
2 Saturated solution. 4 Figures refer to free base. 


Concentra- | Minimum ; 
Compound. tions | toxic con- te, 
tested. |centrations.| ©! P!40%- 
Grams per | Grams per | Grams per 
100 cc 100 cc. 100 cc. 
PAVUIOING. C525. Sea aca ees foots Se soa a clea ob aoe aaa giant kamen (1) 25 25-30 
1 
0.8 
Pyriainnine OLN ye WOGIUe. «ot oon eat nase He ees ote ce 0. : | >1 0. 8-1.0 
0. 
0.05 
Pyridmium sth] hydroxide........-- 2 he ee, { ag \ $0.5 | <0.5 
atti I ee et ape Radics Sea in a Me Elly atid Ra Daan tA Cai Bele (1) 5.0 0. 5-1.0 
Piperidnre solp mates 22: cae 62 get OS BS IAS ) ‘ 0. 94 0.8 
Chloropiperidine (crude).........2.20-20ceceececeectececceceeeeeeeee | 0. 1 $0.5 | >0.5 
0.5 | 
n-HEthyl piperidwnes: #2. 2.2: 0S. bs. 4. Foor ssl cock Eee og. REL saa 0.1 >0.5 >0.5 
0.05 
7 1, 86 
N-hunypiperidinesplphates -o-. s-ocrves set Seema es Sere se 0. 93 +0. 93 <0. 46 
: 0. 46 
1 
Methylene: dipiperidine ss... 2). 5 <n ne aoe sare eee oo ae ae oie ?. 2 >1.0 0. 5-1.0 
e | 
gre ape a Gh ee ey SES ae OND. Meee Rg c IY a. he Oe QO. | >1.02 <0. 25 
20 
PENI OS hy Sere 8 ee ore ce a ws oa a ph EER eM eRe owe ; 5 +15 10-15 
2 
VELOC ec eeii ee nace = neice sa tioe cesins Setacue sce. shine pase seer nese nes { 5 \ >2 >2 
RUITIONUMOSE Soe 8. Se oc eleks Se dace ces eae sae ee <eeeee Saees (2) 2.0 <0.5 
We wAaNyALOGUINOlNG . so% \w'5 9 oka ciorse fe mis ince sie is aye winiace aisles aeiataierad () | 2.0 <0. 4 
Bene. ha eee. eee ee eee toe i a \ SS glia 
A Dimethylaminoantipyrine sso. 55 lcsta ls. cnc coctemsoeetecccsese 0.5 | >0.5 <0.5 
0.8 
MIICOUNIC ACM MILTALC: Se clea ohne ae nals Saiclsee ahaa cident sth sea eter te I >0.8 <0.1 
BEE RMIAD o-oo NL aa ee Set Ae A eek dae te Ae 325 2 
ALKALOIDS. 
| 
rae : : 1 
Oumine (applied as hydrochloride)4:c. 2... --- sac ec waee see { 0.2 \ >14 >is 
Cocaine (applied as hydrochloride) 8.............--2-eeeeeeeeeeeeees { as \ >14 <14? 
Hyoscyamine (applied'as sulphate) *.<--. 2.2.02... 222 St 2 ence | 0.4 >0.44 | >0. 44 
Pulocarpime ny drochlorides <1 253240822 s8).o5ed. ane seae ance -e eos 0.5 0:50 8) >0.5 
Aeonibine (applied:as SULPMAtG) 85.55. cseke cwcewce oe ache naneh vese came | 0.5 >0.54 >0. 54 
0.5 
Womine ay drochlorid ej. 2 eons ehee se oc Asie waieciate oul ene etereinces 0.12 >0.5 >0.5 
0. 06 
Meade suinhiate. +52. °¢. 0 oA ieee es eee Hoga |} 08 >0.5 
Brucine (applied as sulphate) 5..........2-2.ecyeeececececeecececees { one \ >0.54 >0.54 
Narcotine (applied asisulphate) 5-22. 2. 2.2 2.5 neces ees w neces meses 0.5 >0.54 >0.54 
BPiPveRnVIe SHINN ALC 8 a5 coca nce oben ad -hewaiem ave pe sainuice sao apR 0.5 >0.5 >0.5 
Cinchonine (applied as sulphate) 3..............202.-20000-02-00- eee 0.5 $0.54 | — Sor54 
Cinchonidine (applied as sulphate) ?..................-.---22.-222-- 0.5 >0.54 <0. 54? 
gainidine (appliedas sulphate)... U2 soko ko: sence wom e gle 0.5 >0.54 2f Ze 
MUA OS ans co as acelin asain «acsenine coe ewe sce sama Peseta Dee eee 0.5 >0.5 >0. 
SE RE eran Re: Roe Sia ie a tar oe 0.5 >0.5 >0.5 
AMG ARELTT ete ire oh techy te Mi cimirare wate wrace is ec aes te nee taicla ea ne ei (1) 0. 007 >0. 05 
PICOMNG SUI PHALC sana SC Sas oa Cae ea Seca eee eee oa ee Pee (1) 0. 009 >0. 013 
SAUTOPING SU PHAUCE ajo 5 2 a ek Aoaecledensinoeun cane. ciceae eee eee (1) 5 1-2 
HexAnVaTOnICOLMNCS (52. baslire Sana d ae osews.cs Dene tobe aoe ee ee (4) 0.6 0. 5-0. 6 
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-TasBLe 1.—Results of spraying Aphis rumicis with organic compounds—Continued. 
AMINES, AMIDES, IMIDES, ORGANIC AMMONIUM COMPOUNDS, ETC. 
Concentra- | Minimum 
: : Tolerance 
Compound. tions toxic con- 
a tested. |centrations.| f Plant. 
Grams per | Grams p Grams per 
100 ce. 100 cc. 100 cc. 
MHI TIMER OLICG. 25 355 w Sos 2 oc ce bacon s- sce cccesscccees (1) 3 0.3-0.5 
meermcthyiamine hydrochloride... ........ccccenscocsecccccecesecece (2) tae 0.4 
peouamethylammonium chloride. ............-.-.-0-ecesecerecesee- (@) 0. 35 0.3-0.5 
EE oS oe dc we kn cacaecesucanasceases 2 >2 <2 
2 ee ee en ele ee eee (8) >15 ? 
eereethylamine hydrochloride 7: ......... 2.2... ec ee ces ecesececeserecs (1) 3 <1 
Tetraethylammonium chloride. ...............-.-...20- sees eee e eens (1) 3.5 0. 1-0.3 
aLetapropylammonium hydroxide. .... .........-.-.esccecenceccees (2) 3 <0.1 
IES oo. os Be ek Nat akwceascanipesaseass 1 >1 <1 
ar 8 a oe a edad nialnsmepasessaeae 1 +1 <l 
ERMINE TN TAAEL) Fo a ca Sects oe wa acctacccssnctececwad - So <1 
Hexamethylenetetramine...............2..020-seeeeececeeeececeeees i 7 } 7-10 ? 
INE siete ae ane coe ao doe es osucaasess<seceteesubes 1 >1 >1 
peop ondiairide Se eg Mt Sot Sak Sno wndetasnan=taeserace oe 1 >1 >1 
MSN sk SCL c os secs: tecatcpsadennceseeeee 1 >1 <i 
MNCL Gorn oo. oy. ca cca setae ascnpatascesseecssene 1 Zs <l 
I ee Se ie voce Se Suacercccacetatentecsese : | >1 >1 
So sean uc ace esevaes SEES Ste 0. 5-1 
eS ae Se ag Eo oe apne a a ne oe ee (1) 15 <1 
EE ET eee aaa Se aioe Ot eae eet ee at te eee [> «@a) 3 1 
SUS a ee 1 >1 <1 
Metaphenylenediamine hydrochloride. ...............-..-...-.2---- 1 >1 <i 
Se ININTNMNNIIEIIO © o.oo ole ea on ck ccccceceuscus ue { ae \ >0.5 0.1-0.5 
ee REE Ch pate pat eaeees oth aes eine ames hes 0.1-0.5 
SSR RS re eee eee eerie hiss secede eee <0.5 
_ Tetrahydro-beta-naphthylamine hydrochloride.............. ghee ss { aS \ >1 0.5 
ALDEHYDES, KETONES, AND ALLIED COMPOUNDS. 
: 
NPI ID Sek eRe AA osc kts onan ciao = Le San - we 5 oe ode se | Oi 28 <10 
“5 
RE MUNIN Seg so. sacha ede sowne ccpauccctecndeuscss 5 >10 ? 
| y aes 
me 
| 3 
Dao} = 
Acetal Ow Be ee ere rccweeeccescccrcc cc cc ese ccc cccce ccc cc cecccccccecscce Pure 50-75 <50 
liquid. 
105. | 
0 Eee LF | >10 <2.5 
| 2.5 | 
re eR ees eit eo ratio ste ocelaus ic .terescsetecees (2) >32 ? 
I ee oe cia coun bintn epdioae a one dun coeb tn ws, (2) 5 1-4 
ede a Das olan teeta cceateedadecacccadecsace @) (8) 50-75 
EER TO SS See ary ee eee ee Be oe (1) (8) 20-30 
ALCOHOLS. 
Se rae aes : : 
ee oe chem nciinsenasams (4) (8) (9) 
NEMS ee tee Seg oc cp he Sates sine od teabiomccVeccsedecnawens| (1) (8) 67-70 
CENCE $O.F OC adot. St hited iddaw soartacsinte (4) 50) 50 
I a oerncrtarasrresedderserededre (1). 35 | <30 
ERS eo eres 52h, SIG bc eiciee dtan oe swelon seas bebinn Sa0ee (t) 5 | <3 
LSE Be oo Li end cactucawesubentenesekene (1) +10 | +10 
SS Se eae SST CORSE Ss Fe ah es ve ae eee een (1) 5 | <2 
20 | 
hi init ln alm hw ety cn a naaeahns dae mes 2 } >20 2-20 
iy 


: i Many concentrations tested. 
3 Capryl alcohol used as spreader. 


6 Many concentrations tested up to 15 grams per 100 cubic centimeters. 


™ Capryl alcohol as spreader in some experiments, soap in others. 
* Pure liquid killed less than 95 per cent. 
® Pure liquid produced slight burn. 
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TABLE 1.—Results of spraying Aphis rumicis with organic compounds—Continued. — 


PHENOLS AND ALLIED COMPOUNDS. 


Concentra- Minimum . 

Compound. tions toxic con- Toomey 
tested. ~centrations.| ©! P'@nt- 

Grams per | Grams per | Grams per 
| 100-cc. 100 ce. 100 ce. 

TENG) aX0) ERs ee is 2 epee oa OP nhs By 2 Vesa Un Rie i, Per ed 2 VE I (4) 5.5 <2 54 

EPOSOMCK,, So) Win din. ea romieetn oe ae inns deeb sacwes de meteminie dsumuee (1) 1.5 0.1-0.5 

RUESOLCIIDOLY ho ieee ern kanye oie SNCS oe aah oe A ee oe ee co Nae (@) 5.5 <3 ig 
PAMOTOPMICING. Jop Somes «fs sa Gehan aa sade setiac ¢ euicinelde vais awasiaw folae ie 1 1 >1 
POZO. . 2 immcn sweetie a Sekt ack eaatad swat odwediesassdheeatenenes (?) 15 <l 
Cyclohex anol: a iien etic tic cc eas sce tichewnc aces veaveaesdocarewdamecnd 1 >1 >1 
PROT IN OO a ye cence erate orca ser ctk nats ot ties ae Seca eremass rate de crate See 1 >1 <1 
SSMERO Teme sctlch eer tie oh ais sia olefola lane aad wie pole he cel ane thea ee oermatals 1 >1 <l 
Sedum dioxynitrosobenzene. .2.....Js6~ecedelecwckedscceay cacselm oe 1 >1 <i 

| 
ESTERS. 
ny! pectatei(commercial) eu. cs. dec aot ece ee ener celec enone (4) >12 <2.5 @ 

CTE SAMOA aso nahin bcininimicanicee onmrasecwseeen toda maces mae (2) 5 <l 
ROME ACCLELOS eos D228 oc else cbtecec tte eee eceme cet eecateeee es 1 >1 <l 
SUPP CULONOL. J... ns dour apcncs nicpe cacan etatemeceeauteenaaeesane (1) 5 1 


ORGANIC ACIDS AND THEIR SALTS. 


Cyanacetic acid (applied as the ammonium salt) 1 >1 10 <110 
a-Naphthol, 1, 3, 6, 8-trisulphonic acid....................2eee eens 1 >1 <i 
a-Naphthol disulphonic acid 1,3,6..............-csececccceene 1 >1 <1 
1, 8-aminonaphthol, 3, 6-disulphonic acid 3.................... 1 >i >1 
Sodium 8-Naphthol sulphonic acid 2,6.................-...-- iy >1 >i 
Sodium 6-Naphthol disulphonic acid 2,6,8................... : 1 >1 ae 
Bema NAH LMIONSIO.. A Lesko leth eke ete cd a cewecs tome gutemindtiace 1 1 >1 
Camphoric acid (applied as the ammonium salt)..................-- ‘ >1 10 <1 
Sodium’ phenol'sulphonate (US, P.)< sical <«ssaheaco\sppesiaice amar ha lass \ 8-10 
Sat. soln.» | 

Cyanuric acid (applied as the ammonium salt)............-...-.-005 0.5 >0. 5 10 >0.5 1° 
Demrilie age 3 ids Ltd a oneeh ok Rahaman Ree <0.1 
Srpttivin SAMO vISte Us... 43227 ton saniawakers abe cme sebare <oeacse inp easise's | : 5 | >1 <0.5 
Set ONeOALO, sp Sosa leo cae wath cnc ehen ace taaeeanoreiweanwcanal 7“ ra ae | <0.5 | 

1 | 
ICHIO MCR ss. oc ti2. fad eee eink eta. ocaattaneee matetenenense 6 ks 0. 5-1 <0.1 | 

; y 

Pish-o1llsoag-(Na base) s:<. Rima 80 a sak seated cece enc one oe (1) | +6 3 


CYCLIC COMPOUNDS WITH C AND H ONLY PRESENT. 


Rifardio ee ol. he eh casar here hs es be ay oo 25° <5 


POUR HE tact e mle aires» os5un/- 2 ogeontactene (1) | 16 ree 
Xylene (mixture of isomers) | (@) | 10 <6 
Cy ClONCKAN CEs ess also an ae cower See cee y Ueree Ou ewe abet ara a Malireluarmeeeaeoe (4) | 12.5 +2.5 


ALIPHATIC AND CARBOCYCLIC COMPOUNDS WITH C AND H AND C1OR S PRESENT. 


OS ES A es So re Le | ry 

RPS CON IES Cte 2 S32 Sees otic a AN scx a ep atnydeut naire rin Sao a NE | (1) 34 2-5 
ManbOnrbOurACnlOrig. Gs4s2 5. someon << oajeae aon cuamameceisaeesaeactoans (1) 31 <8 
Barbe Giigiide. 0 62 I bere cere cae ee 3 } >5 <2 
REDON ONO. <2 28 hate epee hate e na bie apt a ea ao ate | (1) 9 <3 
irichlorobenzene (COMMEFCAl) <5. ac coca winewiocce oedccicencuces eis | () 6 <4 


1 Many concentrations tested. 3 Capryl alcohol used as spreader. 10 Figures refer to free acid. 
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B TABLE 1.—Resulis of spraying Aphis rumicis with organic compounds—Continued. 


ESSENTIAL AND FIXED OILS. 


berry | 
Concentra- | Minimum | 
: : | Tolerance 
Compound. tions toxic con- | 
. tested. centrations.| °! Plant. 
2 Grams per | Grams per | Grams per 
Be 100 cc. -| 100 cc. 100 cc. 
4 5 | 
. : quia Fe 
“furpentine spirits (technical).............-.-.-.2.-.2-222-22e ee eee 4 : ; >5 || 1 
rim .o 
+ Fa | 0.1 
2 ¢ |} 2 | 
Meat 8 Py. SS See Gia er yer’: grad 42 <0.5 
| & il 0.511 |) 
III etree oo sn FS $f os se enna sck es facete ss essan<s- | : i MICS 
DES Rn Bas Licup esac) 4 0.5 £11.51 40.5 
£ | fe | 
5 ) 
COU MM Face oho ds PCE on. Sedo b - a5 Se hb os es - io SEE Ep Hee - - ; * 3. $2.5 <i 
| | 


1 By volume. 
; DISCUSSION OF TABLE 1. 


The literature contains many references to the use of commercial 
and pure pyridine as an insecticide. As early as 1911, McClintock, 
Hamilton, and Lowe (4)* pronounced it valueless as a contact insec- 

ticide, and in the same year Cazeneuve (2) reported it as effective 
_against Cochylis and Eudemis larve. More recently Theobald (14) 
has claimed great value for it as a substitute for nicotine in the control 
of apple aphids. Frayer (Insect Pests and Fungus Diseases, Cam- 

_ bridge, Eng., 1920, p. 445) has made a large number of tests with 
pyridine, but finds it a weak insecticide, injurious to foliage when 
used at the strength required to kill aphids or capsids. Results of 
_ the present study indicate that carefully purified pyridine, boiling at 
115° C., shows little toxicity for Aphis rumicis. Alpha picoline, the 
next homolog, proved to be more toxic, killing at about 15 per cent. 
_ Experiments not included in this table indicate that the higher boiling 
fractions of the commercial product up to 160° C. have somewhat 
higher toxicity, though they offer little promise as contact insecti- 
cides. Quaternary pyridinium compounds gave little toxicity. 
Piperidine (hexahydropyridine) is to be noted as having five times 
_ the effectiveness of pure pyridine. When used as a sulphate, the 
toxicity was several times greater than that of the free base. This 
important difference is discussed on page 10. Quinoline is much 
_ more toxic than pyridine, killing at 2 percent. Tetrahydroquinoline f 
is equally toxic. The insecticidal effect of piperazine is slightly f 
_ greater than that of piperidine, the chemical structure of which is | 
_very similar. Pyrrole produced little effect at the concentrations | 
| 

f 


used. Pyridine, alpha pe and their homologs as found in com- 
-mercial pyridine, are relatively noninjurious to nasturtium; most of 
_ the other compounds in this series are decidedly injurious. | 
___ Alkaloids, with the exception of nicotine, showed little toxicity. | 
_ Nicotine, however, is toxic at a concentration of 0.007 per cent, the i 

| 

| 


ee : Z 
: 


* Reference is made by number (italics) to Literature cited, p. 15. 
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lowest for the compounds used in this study. The reduction of 
nicotine to hievahyeroni ca results in greatly lowered toxicity 
The hydrochloride of coniine (alpha n-propyl piperidine) is probably 
toxic at approximately 1 per cent. Atropine sulphate, because of its } 
large molecule, gives a lower molar toxic concentration than its con- 
centration in grams per 100 cubic centimeters would suggest. 

The outstanding results for the group containing amines, amides, 
and similar compounds are the pronounced toxicities of certain 
methylamine, ethylamine, and alkyl ammonium compounds. The } 
methylamine compounds are more toxic than the corresponding ethyl- } 
amines. It is to be further noted that of the methyl derivatieaa 
the trimethyl and tetramethyl are most effective. The increased 
toxicity of benzylamine as compared with aniline is interesting. Theg : 
plant tolerance for these compounds is generally low. 4 

The aldehydes and ketones, with the exception of benzaldehyde, 
are practically without effect on either insect or plant. 4 

ith the exception of capryl alcohol, the aliphatic alcohols have — 
little toxic value. Benzyl eahal a cyclic compound, is moderately } 
toxic. | 

U.S. P. cresol is more toxic than phenol and resorcinol. Pyrogallol { 
shows little toxicity. ’ 
ea esters showed some toxicity to the insect and were harmful to 
the plant. 

The various sulphonic acids and their salts showed no appreciable 
toxicity to the aphids. Attention should be directed to the decreased — 
toxicity of sodium phenol sulphonate (U. S. P.) as compared with | 
phenol. Picric acid showed appreciable toxicity, but was quite 
peer ions to the plant. The minimum toxic coneentration of the fish-— 
oil soap used in most of these experiments was about 6 grams per 100 
cubic centimeters; at 0.3 gram per 100 cubic centimeters, the con- 
centration used in these experiments, it killed an average of 14 per 
cent.* 

The slight toxicity of the benzene series was found to increase from 
ha through toluene to xylene. The plant tolerance, however, is 
Ow. 

Chloroform and carbon tetrachloride require about 30 grams per 
100 cubic centimeters for the lethal concentration. Plant tolerance 
was small. The substitution of chlorine into the benzene ring was 
found to increase toxicity. 

The essential and fixed oils showed some toxicity to both insect 
and plant. 


4 This figure has not been deducted from the toxicity values given in this paper. Since relative values 
are most important in an investigation of this nature, and, further, since 0.3 per cent fish-oil soap was used 
in most of these experiments, the deduction of the comparatively small soap toxicity is not considered 
essential. 5 
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TOXIC CONCENTRATIONS OF SELECTED COMPOUNDS. 


TABLE 2.—Relative toxicity of selected compounds to Aphis rumicis. 


Toxic concentration. 
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1 Pure liquid kills less than 95 per cent. 
DISCUSSION OF TABLE 2. 


The compounds which have received the most attention are 
grouped in Table 2. These are arranged in the order of their tox- 
 icities on the basis of concentration expressed in gram molecules per 
liter. Their toxicities in grams per 100 cubjc centimeters, together 
with their respective boiling points, are alsoincluded. The nitrogen- 
containing compounds, in general, are found to be grouped at the 
head of the series. In the middle portion of the series (molar con- 
centrations between 0.33 and 1.7) the cyclic derivatives predominate 
and of these three contain nitrogen. Two aliphatic compounds 
appear: one of which contains nitrogen. The remaining compounds 
of lowest toxicity are aliphatic with the exceptions of benzene and 
pyridine. Pure liquid methyl and ethyl alcohol, acetone, and 
methyl-ethyl ketone killed less than 95 per cent of the aphids. 
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TOXICITY OF CERTAIN BASES COMPARED WITH THEIR SALTS. 


Results are given in the preceding tables which show differences 
in toxicity between certain bases and their salts. The toxic con- 
centration for piperidine sulphate was found to be 0.035 moles 
(equal to 0.070 moles of the free base per liter) while that for piper- 
idine base was 0.59 moles, or an amount about eight times greater. — 
Triethylamine base requires more than 1.5 moles, while its hydro- 
chloride requires only 0.22, a ratio of at least 7 to 1. A comparison ~ 
of nicotine and nicotine sulphate was also made. A definite quantity — 
of nicotine sulphate was prepared by titrating the free base with — 
normal sulphuric acid, using methyl red as indicator and diluting to — 
the desired strength. In this instance no difference in toxicity was — 
observed, but exception can rightly be taken to a comparison of — 
nicotine with nicotine sulphate in such small concentrations when — 
0.3 per cent fish-oil soap is used in the solution. Nicotine is a weak © 
base whose salts hydrolyze slightly in dilute solution and furthermore — 
are decomposed by the free alkali of the hydrolyzed soap. These con- 
siderations do not apply to the conclusions reached with the salts of 
piperidine and triethylamine, for the latter compounds are salts of | 
strong bases and much larger concentrations of them were used in 
relation to the soap present. Further study is being given to this 
subject and it will not be discussed at greater length here. 
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TOXICITY AND VOLATILITY. 


The data obtained from these toxicity studies are of interest in 
another connection. The work of Moore and coworkers (5, 6,7, 10, 12) 
indicates that the toxicity of volatile organic compounds when em- — 
ployed in the vapor state against insects or applied directly to the © 
surface of insects’ eggs varies with the volatility. Up to a boiling © 
point of 225-250° C., toxicity, it is asserted, increases as the boiling — 
cee rises and the volatility decreases. Compounds with higher — 

oiling points generally have such low volatility that their vapor — 
concentrations are not great enough to kill within a reasonable time. 
Other studies by Moore, and Moore and Graham (8, 9, 11) with 
contact insecticides led to the conclusion that “volatility is an index 
of the ability of the compound to gain entrance into the insect and is 
therefore closely correlated with toxicity.” It was further stated 
that compounds more volatile than xylene evaporate too quickly to 
be effective. 

While the results of the present study show that, in general, the — 
most toxic compounds deur were among the least volatile and © 
the least toxic compounds were the more volatile ones, there are so — 
many exceptions that the writers believe neither volatility nor the 
boiling point can be used as a safe index of toxicity when the compound ~ 
is employed as a contact insecticide. For example; quinoline with a 
boiling point close to that of nicotine has, in these experiments, only — 
about one-three hundred seventy-fifth the toxicity of the latter. On — 
the other hand, tetramethylammonium chloride, a nonvolatile salt 
at ordinary temperatures, is one of the most toxic substances tested. 
The tetraethyl- and tetrapropylammonium Cae are also 
nonvolatile, yet they show considerable toxicity. Benzylamine and 
aniline have closely similar boiling points but differ widely in toxicity; 
and this is also true of cyclohexane and benzene. Piperidine with a 
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point of 106° C. is considerably more toxic than the nearly 
d pyridine, which has a boiling point of 115° C. Paraldehyde 
_ with a boiling point of 124° C. has only about one-third the toxicity of 
_ ehlorobenzene, whose boiling point is but 8° higher. Pyrogallol, 
_ aniline, and toluene have closely similar toxicities, but widely diver- 
' gent boiling points. A study of Table 2 will reveal other discrepancies. 
‘attersfield and Roberts (13), in a recent study of the effects of vapors 
_ of organic compounds-on wireworms, conclude that while “there is a 
fairly close relationship between toxicities and the vapor pressures, 
rates of evaporation, and volatilities of compounds of the same 
_ general type,” lethal effects are often directly determined by chemical 
_ constitution. Compounds with irritating vapors, such as allyl 
_ isothiocyanate, chloropicrin, and benzyl chloride, gave toxic values 
_ which were not closely correlated with their vapor pressures or rates 
of evaporation. It was also found that isomeric compounds having 
similar boiling points sometimes differ widely in toxicity. 

There can be no question of the importance of volatility as a factor 
in the toxicity of both contact insecticides and fumigants. But the 
_ toxicity of a chemical appears frequently to depend upon properties 
other than volatility. High toxicity, therefore, may occur in com- 
_ pounds like chloropicrin and hydrogen cyanide, which have high 
_ yolatility, or in nicotine and tetramethylammonium chloride, in 
_ which the volatility is low or almost nil. 


TOXICITY AND CHEMICAL STRUCTURE. 


The addition of hydrogen atoms to the cyclic nucleus has a marked 
effect on the toxic activity of some compounds. Piperidine (hexa- 
hydropyridine) has about five times the toxic activity of pyridine. 
-Cyclohexane (hexahydrobenzene) is more toxic than benzene, but 
_ the increase is not so marked as that observed for piperidine. On 
_ the other hand, quinoline and tetrahydroquinoline are of approxi- 
mately equal toxicity. Hydrogenation of the pyridine nucleus of 
nicotine to form hexahydronicotine greatly reduces toxicity, the 
lethal concentration for hexahydronicotine being about ninety times 
* that of nicotine. The addition of hydrogen atoms to the ring, there- 
fore, may either increase or decrease toxicity. It should also be 
noted that although the changes in toxicity resulting from the 
addition of hydrogen may be considerable, the differences in boiling 
point between parent and hydrogenated compound are small. 

In a number of instances it was noted that the toxicity of homo- 
_logous compoundsincreased as theseries ascended. This is particularly 
_ well shown in the series, benzene, toluene, xylene, and in the aliphatic 
alcohols, methyl, ethyl, normal propyl, normal butyl. The phenol 

series, phenol, resorcinol, pyrogallol, does not show this relation, 
_ pyrogallol having only about one-half the toxicity of resorcinol. 
} This is contrary to what has been observed in higher animals, in 
_ which an increase in the number of OH groups in the benzene ring is 
generally accompanied by increased toxicity (J, p. 29). The 
_ trimethylamine and triethylamine hydrochlorides and the tetra- 
_methylammonium and _ tetraethylammonium chlorides are also 
~ exce tions, for in each case the lower members (methyl compounds) 
_ are the most toxic. Tattersfield and Roberts (1/3) have also recorded 
_ increased toxicity in successive members of homologous series of 
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compounds when used as fumigants, but state that at a certain poin 
in the series the toxicity becomes uncertain because of the small 
amount of the compound which enters the gaseous phase owing to 
the low vapor pressure. This is certainly not true of the aliphatic } 
substituted ammonium salts mentioned above when used as contact § 
insecticides, since they are practically nonvolatile and at the same } 
time quite toxic. 
Tattersfield and Roberts indicate that the effect of substitution of } 
various atoms and groups into a compound depends upon the nature 
of the parent compound and the group or atom introduced. Some 
of the writers’ results are in harmony with theirs. Thus they found } 
that each CH, introduced into benzene approximately doubled the 
toxicity of the substituted compound. Table 2 shows that benzene } 
was toxic at 3.2 moles per liter, toluene (C,H;CH,) at 1.7, and xylene 
(C,H, (CH,),) at 0.94, or nearly double the toxicity for each CH, group 
introduced. Moore (5) found benzene to be slightly more toxic than 
toluene in the gaseous phase against house flies (Musca domestica L.). 
Xylene, however, was more toxic than either. The chlorine atom, on > 
the other hand, was found by Tattersfield and Roberts to increase the 
toxicity of the substituted benzene compounds from three to four’ 
times for each substitution. A similar result was obtained by us_ 
with chlorobenzene, the molar toxicity of which was 0.80, or four. 
times that of benzene. Commercial trichlorobenzene was more toxic 
than chlorobenzene, but not in the same ratio. It was possibly 
a mixture of several isomers. Previous work by Moore (5) shows that 
the introduction of halogen into the benzene ring increases toxicity, © 
iodine being the most effective, chlorine the least, and bromine having ~ 
an intermediate value. The writers’ experiments show a greater 
toxicity when OH is introduced into toluene to form cresol than when 
introduced into benzene to form phenol, a result which is the reverse ) 
of that recorded by Tattersfield and Roberts for wireworms. | 
Introduction of NH,, OH, or Cl in the side chain (CH, group) of © 
toluene gave interesting results. Benzylamine is the most toxic, and 
benzyl alcohol the least, when the molar toxicities are compared. All — 
are considerably more toxic than the parent compound, toluene. The , 
experiments of Tattersfield and Roberts indicate that benzyl chloride 
in the vapor phase is highly toxic to wireworms. , 
Moore (5) has pointed out the increased toxicity resulting from the © 
introduction of the CHO group into benzene, and results obtained © 
in the present study with benzaldehyde as a contact insecticide against — 
Aphis rumicis indicate a similar relationship. { 
Tattersfield and Roberts observed considerable toxicity among the 
d 


oe 


aliphatic amino compounds which they tested. Methylamine, dime- 
thylamine, and ethylamine were about as effective as fumigants for 
wireworms as hydrocyanic acid and ammonia; trimethylamine was 
slightly less poisonous. They were far more toxic than pyridine, 
and somewhat more toxic than aniline. Their toxicities did not in 4 
any sense correspond with their extremely high volatilities. It was 
suggested that their solubilities, the readiness with which they are 
absorbed, and their ability to ionize may account for the relatively 
high toxicities of these compounds. The writers have observed high 
toxicity among certain aliphatic amines and related compounds. If 
the results with triethylamine may be taken as representative, the 
salts of these amines are more effective than the corresponding bases. 
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| The present experiments indicate that trimethylamine hydrochloride 
‘/ is much more effective than methylamine hydrochloride, the reverse 
‘ of what Tattersfield and Roberts found with the corresponding 
') bases when used as fumigants. 


GENERAL DISCUSSION. 

In the present state of knowledge of insecticides, it is doubtful 
whether one may safely draw any far-reaching conclusions as to the 
} relation between the physical properties of compounds and _ their 
toxicity. Any large and varied series of toxic compounds will show 
differences in toxicity which can not be correlated with molecular 
weight, volatility, solubility, ionization, permeability, or other 
properties. 

Neither can these differences always be harmonized with differ- 
ences in chemical structure. Many powerful poisons like nicotine 
-and coniine contain nitrogen; others like “‘pyrethron,’’* which, in 
crude form (contaminated with plant extractives), was found to be 

slightly more toxic to Aphis rumicis than nicotine, contain no nitro- 

gen. The saturation of a cyclic compound with hydrogen may either 

mcrease or reduce toxicity, as has been pointed out in the case of 

piperidine and hexahydronicotine. The introduction of chlorine 

into benzene compounds seems usually to increase toxic activity, 

but its effectiveness varies greatly with the nature of the other groups 
resent. 

4 Other instances could be mentioned, but these will suffice to illus- 

trate the point. Indeed, the more these facts are studied, the more 

it seems probable that pharmacological action in insects is, in many 

respects, [15 Beat a that in higher animals, and that the state- 
ment of Cushny (3, p. 20) can be accepted when he says: “‘ From the 
_ present confusion the only legitimate conclusion seems to be that the 

activity of drugs depends on a large variety of factors and that 
_ pharmacological action can not be brought under any one law, either 
_ chemical or physical.” 

In this investigation the writers have chosen chemical structure as 
the best basis for comparison; that is, so far as obtainable, those 
compounds have been selected which are chemically allied to others of 
known toxicity. While this method has brought many failures, it 
has led to the discovery of apparently new compounds of ih toxicity 
which may properly be the subject of another paper. 


CONCLUSIONS. 


This is a report of a laboratory study on the effect of a number of 
organic compounds as contact insecticides for Aphis rumicis L. living 
_ on nasturtium plants. 

Pyridine, alpha picoline, and commercial pyridine containing the 
» higher homologs of pyridine were of little value as contact insecticides. 

The alkaloids, with the exception of nicotine, were of low toxicity. 
Nicotine, however, was the most toxic compound investigated (ex- 
cluding “‘pyrethron’’). 


| 


5 A series of tests were made with crude ‘‘pyrethron,’’ but these were not extensive enough to in- 
clude in the tables. 
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The aliphatic amines and substituted ammonium compounds showed 
considerable toxicity. Tetramethylammonium chloride was the mos 
toxic, methylamine hydrochloride the least. Of the two cyclic amines, 
benzylamine was five times as toxic as aniline. s 

The aliphatic aldehydes and ketones had a low order of toxicity, 
Benzaldehyde was moderately toxic. 

The aliphatic alcohols showed little toxicity. Benzyl alcohol, 
cyclic compound, was more toxic. 

Cresol U.S. P. was the most toxic of the phenols, pyrogallol th 
least, while phenol and resorcinol occupied an veer AGE position b 

The esters of cyclic compounds showed some toxicity. 

Sulphonic acids and their salts had little effect. Picric acid an 
sodium salicylate showed appreciable toxicity. Fish-oil soap (sodium 
base) was relatively ineffective. + 

Benzene, toluene, and xylene were only slightly toxic. 

Aliphatic compounds containing chlorine were but slightly toxics 
benzene derivatives containing chlorine were much more toxic. we 

Essential and fixed oils showed some toxicity. 4 

Piperidine as the sulphate and trimethylamine as the hydrochloride : 
when applied in dilute soap solution were more toxic than the respec- — 
tive free bases. Nicotine as the sulphate and nicotine base were of 
approximately equal toxicity. 

Pyridine and its homologs as found in commercial pyridine, alkaloids 4 
sodium phenol sulphonate U.S. P., aliphatic aldehydes and ketones and — 
aliphatic alcohols of low molecular weight were relatively nontoxic to — 
the nasturtium plant. Most of the other compounds used in this in- % 
vestigation had considerable toxicity. a 

Neither the volatility nor the boiling point is a reliable index of — 
the toxicity of organic compounds when used as contact insecticides. — 

Chemical structure does not appear to be a dependable index of — 
toxicity. Nevertheless, it is probably the best empirical guide at + 
present available for the study of contact insecticides. 
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